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Mechanistic Toxicological Pathways in Cells that can be used
for HTS & Predictive Toxicological Modeling
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Permissible Energy Levels allow Electron transfer between NPs
and Redox-active substances in a Biological environment
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Prediction of MOx Toxicity based on Bandgap Energy
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LDH assay in Bronchial Epithelial Cell Line
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MOx Nanoparticle Dissolution: Oxidation and Reduction
Dissolution Reactions in Response to Biologically Active
Redox Couples

5 M. Auffan et al.
40 m“uﬁ:‘ 1-”o 1-'-‘"0 LO1 Environmental Pollution 2009)
I In water oo f
- = =
0 1 BEGM
35 — W Asucion Dissokiton
B ovey | el ki oty
Wl
"
30 < ©
® O O oy
25 -
o ki e iy

20 —

15 -

En at or near physiological pH (V)

Metal dissolution rate (%)

O O OO o> O° O O® OV O O O o> O~ 0% 0" OW$O'> o>

?\ > o* [l <%V <@ DY Q\ & »yveqm t\\ D oV > of 47 w» 1}‘ 1}

Metal oxide nanoparticles
Zhang et al. ACS Nano. 2012

Regression Tree for MOx Toxicity: Combination of
Conduction Energy plus dissolution

Safe ™ Toxic M Highly Toxic

l Metal dissolution in BEGM < 13.05 I OAI,04

A \ ' 2- osio,

f
|Ec <-422 | . ov.0,
ZnO
[CuO ] OL2:05

f \ -3 - Ho, EY" 0s

|E -4.80 I oz
<
© . Al,O,, CeO,, Otn0s o._ONio

s
— Gd,0,, HfO,, ) o0, S0,
In,0,, La,0,, I—> 8 4-  osno @2zno
'} | NiO, Sb,0 - OO.T'°2
» 902U3, i
Fe,0; Co0 Si0,, SnO,, crd,'0 ©C00
Fe;0, Co;0, Ti0. Yb.O Miny0,@Co,0,
wo, Cr,0, 2, Y003, e
. weo. 11Y:05 20, -5 Foi0, GF0s
o @Cu0
Ni,O, -
L | OWO, | | | |
0 10 20 30 Y |

Metal Dissolution (%)
George e al. ACS Nano. 2010

Xia et al. ACS Nano. 2011 Area under LDH curve

Zhang et al. ACS Nano. 2012 R
0.5 7.0
Safe Toxic




10000
B Length (nm) 131.3

T Diameter (nm) 85.3
T=.' 1000 —A—Aspect Ratio 1
% 11.4 p
E 100
a
=
S
£ 10
c
3

1

Synthesis of a Ceria Nanowire Library to Study
shape-dependant toxicity

Synthesized by hydrothermal
technique

Aspect ratio can be finely tuned
from 1 to >200

Growth by oriented attachment
followed by Ostwald ripening

o
{111}

Attach- Ripening
ment

RO R1 R2 R3 R4 R5 R6 R7

Ji, Xia, Wang, Nel, Zink ACS Nano 2012

Aspect Ratio

0.1

Ji,

Ceria Nanowire Toxicity in THP-1

Pl uptake - cytotoxicity

040 1 450 —0—S1 —0— 52 —8—53 —¥—S4 —A—S5 —5— St
2035
=]
=5
=030
g
a
T 0.25
9]
3
020
No 015 |
. 0
1 Cathepsin B l Cathleps"‘ B Concentration (pg/mL)
release release 300
IL-1
= 250 ﬁ
E
o 200
=
2 150 S7
2
El s4
& 100 —
@ AR=22
A\
ER S0-S3
0
0 25 50 75 100 125

Xia, Wang, Nel, Zink ACS Nano 2012

Concentration (ug/mL)

6/28/2012



6/28/2012

Predictive Paradigm for CNT and Long aspect

Bronchiole . .
epithelium Dispersed vs. Non-Dispersed MWCNT
: 9
MWCNT = < Macrophage Epithelial cells
pit > >
LS TIL-1B 1
-— - [ TGF-p1
TGF-B1
PDGF AA
J( .
Fibroblast  TGF-B1\ = A
Proliferati PDGF BB™--# Fibroblast : .
roliteration Collg\ Proliferation Non-Dispersed MWCNT Dispersed MWCNT
gen et y
Deposition 3 14
The epithelial-mesenchymal trophic cell unit |

< BAL Fluid Biomarkers

Day 1:7TIL-1B

Y
~
&
|
In vivo

pro-IL-1B
Day 21: T TGF-g1
\ 1 PDGF-AA
PPN Wang et al. ACS Nano. 2010
Inflammasome activation Wang et al. ACS Nano. 2011

High Content Screening to Elucidate Silica Toxicity-
MSNP does not show the structural features that
Haiyuan Zhang, Jeff Brinker, Jeff Zink make silica toxic 100 50 25 (ug/ml)
3000 " Silica-induced r
* Cytotoxici Min-U-Si .
) 2500, 4 . In}f,I:n?r):gltti}én Min-U-Sil ' . '
*ROS |
%‘) 2000 Fumed . gBC Lysis Fumed <l i b '“,"‘? ;
£ 1500] e ' ' ' I Positive
= Min-U-Sil ol ‘
=|I 1009 * N Stober silica | —
500 Stober
- e ' . J g Control
0 @re—t=—"4 i Mesoporous T L
b 1'0 2'0 :;0 ‘iO 5'0 Mesoparous silica |
Dose (pg/mL) *:r .t*- -»‘,
Silicalite j_
Fumed Silica v E )
H
Strained ring / /
o C\) <03 nrﬁ)‘
o 0 <>
i \Si/OSi < si si
B o PP o AN
H-Ponded
SICl, + 2HO  Flama Process ) Si0y + 4HCI 2 & 3-member rings silanols




Pulmonary Toxicity Ranking
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Zebrafish HTS — hazard ranking on 24 MOx’s

based on phenotype

o
£
c
F
©
2
:
(]
£
<
[%]
«
£
°
Q
R
©
£
S
K]
3
I

Theme 6

03 M by

=
H

c
2
B
h=1

3
a

Modiel
Development

Feature
Extraction

=
=
O«-caNow<t ©Wo~owo = «

aaaaaua &a:
XL LG CELT
ﬂﬁ.u.-umﬁ L
sooos|ocnveasdons

s0000[v00

rooenlege

Liu et al. PLOS One. In Press

Cxtragtion

<
g
S
8
* 2
— g
Q
X £
A .
o — 3
A x —
. < «— &
4 -  —mm
A
3 x
d -
3 o
r 8- 8 8 g 8 °

Buiyorey o

O = N O T D © N0 OO ™ AN ™

- - - - -+ - & NN

24

aoaaema&

LI LLLC-CF)
20POVE92
LU L O
P80 BOIVDLI00NIBBS S
CORBVOIVVBCH38088

Shape plays a role in Nano-Ag toxicity in Zebrafish

By a Paradigm other than Ag-ion shedding

0
]
2
K
o
T
o
<

Ag-wires

Ag-spheres

% Embryo hatching

Fish Cell death (% PI uptake)

ﬁ

wires

|

plates

mmM
n
]
© v &N v
RNy | = _F
<
5
Q [=) =} o o o
rel < ® & 1
0
™
L =)
@
re)
Fe
3
4
o
2 ke r
a
3 @ o<
2 -
g 2oy ek
S L
3
©
D
» I3
< 3« S o
= (=]
= s e
5 Nlw
= < e
R
=Y
Fi Lo

0 -

s|199 abejuadiad

George et al. ACS Nano. 2012

12



Data collection, exploration, SAR modeling
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Safer design principle for nano-ZnO
by using iron doping
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Figure 11

Overall Impact of the Predictive Toxicological Paradigm
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